Two models for two different control schemes are developed for a parallel flow heat exchanger. First by spatially lumping a heat exchanger model, a good approximate model which has a high system order is produced. Model reduction techniques are applied to these obtain low order models that are suitable for dynamic analysis and control design. The simulation method is discussed to ensure a valid simulation result.
I. Introduction
A heat exchanger is a device that is used to change the temperature distribution of two materials when they are in direct or indirect contact, They are used in many industries, particulerly in metallurgy, chemistry, etc [l] . A heat exchanger can be classified into two types based flow directions of two materials, namely, parallel flow and counter flow. Many heat exchangers being manufactured are basically open loop systems, i.e, the performance of the heat exchanger is determined by its fixed structural and mechanical design (e.g. size of compartment and tube, speed of cooling fan, etc.). If the performance (temperature distribution) of a heat exchanger deviates beyond the tolerance of the practical requirement, it has to be replaced by a new one.
Part of the reason for this situation is the lack of a suitable model for feedback control design. However, modelling a heat exchanger for dynamic analysis and control design is not an easy task for the following reasons.
(1) As will be seen, the dynamics of the heat exchanger is descrikd by a partial differential equation, thus it is truly an infinite demesional system, which makes it difficult for the theories developed for lumped systems to be applied.
(2) Using some approximate techniques, the resulting system with acceptable accuracy usually has too high of order for easy dynamic analysis and control design. This paper is a study of a parallel flow heat exchanger and solves the above problems with available techniques. The same techniques can be easily applied to counter flow heat exchangers. In what follows, it is also assumed that the exchanger is well isolated, i.e. al+=O. Upon these assumptions, the dynamic equations for the parallel flow heat exchanger arc then:
Control problem statement.
The control problem related to the heat exchanger here is to regulate the temperature of the cold medium at its outlet.
In order to achieve this control goal, there are at least two control schemes that can be adopted. The first one is to use the femperature of the hot medium at its inlet as the control signal (input scheme 1). while the other is to use theflow rate of the hot medium as the control signal (input scheme 2). It should be pointed out that although almost all the existing models are derived for the first control method [2], this method suffers from the time delay to change the temperature of the hot medium. In contrast, the second control method is easier to implement in practice because the flow rate is manipulated by mechanical devices. Therefore obtaining a model for the second control method, which the authors have not seen in most of the related literature, has practical significance, again assuming imcompressible flow.
For either control method mentioned above, a system model (transfer function) needs to be developed for dynamic analysis and control design. As the system described by (2) is a Distributed Parameter System (DPS), it is then essentially an infinite demensional system, which makes it difficult for the control methods developed for finite lumped systems to be applied. = l f , j=1,2, . . ., N ) is the j t h node of the p'* tube.
Use the following approximation for spatial derivation:
Then for input scheme 1, the normalized original systcm For input scheme 2, v l is used as the control signal. However vl is coupled with the system state Ql (see (2) ), using the same derivation as above will result in a time varying system. To avoid this problem, the steady states of i~; / a~ are used to replace the time varying a,!lax, i.e, the system (2) is approximated by the following form: 
Model reduction
The highet order model, though a good approximation of the original system, is not practical for control design due to its high (80th) order. Using model reduction techniques, these high order system can be reduced to lower order models while keeping the original system properties. The step response of this reduced ordzr system is shown in figure 4 . where it is seen that it is a very good approximation to the previous 80th order system. It should be emphasized that the reduced order system is much bettter than the system of the same order obtained directly by using less corresponding lumps as also shown in figure 4.
For the model corresponding to input scheme 2, the eigenvalues of the system are located in two groups which have distinctive time scales. The step response of this system is shown in figure 5 and can be compared with the previous 80th order system and the same order system but obtained from less lumps. Again this reduced order model is a better approximation to the original system.
System Simulation
It is important for computer simulation to reflect the inherent system properties correctly. Realizing that the characteristic equation contai 7s the most important inforamtion about the system, good simulation can only be achieved by mapping the s-plane properties of the system into z-plane. The simulation described in the paper is guided by the techniques developed in 191. These techniques have distinct merits in analyzing a simulation method for DPS in terms of its efficiency, intuition and convenience of use.
Due to the limited space, only the guidelines as to the choice of T and h are given as follows. Readers who are interested in the detailed analysis are recommended to consult further references in [9].
(1) TG is the neccessary condition for stability due to CFL (2) T=h gives the best results; (3) when T=h, the smaller T is, the better the results will be due to the damped second eigenvalue; (4) In practice, Tis chosen slightly smaller than h to avoid oscillation due to the discretization of the system. condition;
Summary
This paper proposes an alternative way to obtain two simple, fairly accurate models for the heat exchanger. It is concluded that using model reduction techniques applied to highly accurate finite difference approximations is much better than using low order (small number of lumps) finite dif€mnce approximations.
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